BACKGROUND: Previous experimental studies showed that single ultraviolet B light 2
INTRODUCTION 1
Epidemiological studies have shown that exposure to sunlight is associated with the 2 development of various cutaneous disorders including cancer (1, 2). Experimental studies 3 have revealed that ultraviolet light (UV) is a major causal factor in sunlight-mediated 4 cutaneous diseases including cancer (3). UV works as an oxidative stress via promotion of 5 free radical production (1, 2). Our previous study showed that UV-mediated oxidative stress 6 directly enhanced oncogene product activity through its conformational change (4). 7
UV-mediated production of free radicals also causes various types of DNA damage such as 8 DNA single and double strand breaks, base modifications and abasic sites (1, 2). Therefore, 9 appropriate blocking of sunlight including UV is believed to be necessary for the promotion 10 of health in humans. 11
8-Hydroxy-2'-deoxyguanosine (8-OHdG) is one of the predominant forms of free 12
radical-induced oxidative lesions (1, 2, 5). 8-OHdG has been used as a well-established 13 biomarker for measurement of endogenous oxidative DNA damage (1, 2). Various 14 carcinogenic substances, environmental pollutants and life style factors affect the levels of 15 8-OHdG (1, 2). Sunlight and UV irradiation have been also reported as risk factors for 16 increased 8-OHdG levels in epidermal cell lines in vitro and in the skin of animals and 17 humans in vivo (6, 7, 8, 9, 10). However, there has been no study in which the influence of 18 sunlight exposure in human daily life on 8-OHdG levels was clarified. 19
Statistical analysis was performed following the method previously used (20) . Total 23 range and criteria in the risk factors examined in this study are summarized in Table 1 . We 24 (>8 µg/g creatinine) as the dependent variable and sunlight-exposure time per day (hr/day), 1 ratio of sunlight-exposed skin area to the whole body, sunlight intensity (mW/cm 2 ), L*-value 2 (lightness) in the skin and regular use of full-spectrum (i.e., UVA and UVB) sunscreen as 3 independent variables (Table 1) . Models were adjusted for age, sex, smoking, drinking and 4 BMI because correlations between urinary 8-OHdG levels and these factors have been 5 reported (18, 21, 22, 23). We used the SPSS version 18 software package (SPSS Japan Inc.) 6 for the above statistical analyses, and the significance level was set at p<0.05. Control HL-mice (4 weeks old, n=20) and littermate HL-HPS-mice (n=20) were used. All 14 mice were kept in a temperature-and humidity-controlled environment in the Animal 15 Statistical analysis in the animal experimental study. 5
Comparison of parameters before (control) and after (day 0-1, day 1-2 and day 2-3) 6 UVB irradiation in each individual was performed by the paired t-test. Comparison of 7 parameters in HL-mice (control) and HL-HPS-mice was made by the Mann-Whitney U test 8 because data did not show a normal distribution. 9
RESULTS

11
Effects of sunlight exposure-related factors on urinary 8-OHdG levels. 12 We first examined whether sunlight-exposure time (hr/day) affects urinary 8-OHdG 13 levels. There was no significant correlation between urinary 8-OHdG levels and time spent 14 outdoors in the daytime on a sunny day both one day and two days before the day of urinetwo days before the day of urine sample collection (Table 2) . 18
We next examined whether sunlight intensity (mW/cm 2 ) affects urinary 8-OHdG levels. 19
Interestingly, there was a significant correlation (adjusted odds ratio: 4.35) between urinary 20 8-OHdG levels (>8 µg/g creatinine) and sunlight intensity (>30 mW/cm 2 ) one day before 21 collection of urine samples (Table 2 ). Further increase in adjusted odds ratio (10.87) was 22 observed in the correlation between them two days before the day of urine sample collection 23 ( µg/g creatinine and from >2 µg/g creatinine to >12 µg/g creatinine one day and two days 1 before collection of urine samples, respectively. The results showed a significant correlation 2 between urinary 8-OHdG levels and sunlight intensity on both days. We also shifted the 3 cut-off value of the independent variable dichotomizing the intensity of sunlight exposure 4 from >20 mW/cm 2 to >35 mW/cm 2 and from >30 mW/cm 2 to >35 mW/cm 2 one day and two 5 days before collection of urine samples, respectively. The correlation between them on both 6 days before the measurement of 8-OHdG was likewise significant. These persistent results in 7 different classifications showed that increase in sunlight intensity increases urinary 8-OHdG 8 levels in humans. Since we have no data of time zone of the day when subjects were outdoors, 9 average of sunlight intensity was used in this study. Further study is needed to more precisely 10 clarify the effect of sunlight intensity on urinary 8-OHdG levels with evaluation of 11 time-dependent change in sunlight intensity. 12 forehead from >63 to >65. The results showed a significant correlation between urinary 1 8-OHdG levels and L*-value of the forehead. 2 A significant correlation (adjusted odds ratio=2.95) between urinary 8-OHdG levels (>8 3 µg/g creatinine) and differences between L*-values in the sole and forehead (<9) was found. 4
We shifted the cut-off value of the dependent variable dichotomizing the urinary 8-OHdG 5 levels from >7 µg/g creatinine to >12 µg/g creatinine. We also shifted the cut-off value of the 6 independent variable dichotomizing the differences between L*-values in the sole and 7
forehead from <8 to <9. The results showed a significant correlation between urinary 8 8-OHdG levels and differences between L*-values in the sole and forehead. 9
There was no significant correlation between urinary 8-OHdG levels and regular use of 10 sunscreen (Table 2 ). Our results suggest that the levels of urinary 8-OHdG are low in the 11 subjects with pigmented skin but not in regular sunscreen users. shown in Figure 2C after calculation using the software program WinROOF (Mitani Corp., 2 Fukui, Japan) following the method previously reported (24). These microscopic results 3
showed that high density of melanin in the epithelium was involved in the macroscopically 4 hyperpigmented skin in HL-HPS-mice. 5 6
Effects of UV irradiation on HL-mice and HL-RET-mice. 7
Macroscopic appearances of HL-mice and HL-HPS-mice two days after UVB 8 irradiation are shown in Figure 3A . UV-induced erythema was observed in HL-mice. The 9 erythematous area in HL-mice (n=6) was significantly larger (p<0.05) than that in 10 HL-HPS-mice (n=6) ( Figure 3B ). Urinary 8-OHdG levels in HL-mice (n=13) were maximally 11 increased on day 1-2 after UV irradiation (p< 0.01) and were significantly higher on day 0-1 12 and day 2-3 after UV irradiation (p< 0.05) than those before UV irradiation (control). Since 13 around 180 µW/cm 2 of UVB was detected in sunlight in our result, these results suggest that 14 UVB corresponding to about 4 min of sunlight exposure significantly upregulated urinary 15 8-OHdG levels in mice one day and two days after the irradiation. On the other hand, no 16 significant increase in urinary 8-OHdG levels after UV irradiation was observed in 17 HL-HPS-mice (n=13). These experimental results again suggest that urinary 8-OHdG levels 18 are affected by skin pigmentation level. We demonstrated that urinary 8-OHdG levels were increased by increase in sunlight 22 intensity but not by increase in sunlight-exposure time or sunlight-exposed skin area in human 23 daily life. Urinary 8-OHdG levels were regulated by skin pigmentation but not by sunscreen. 24
In HL-mice, urinary 8-OHdG levels were maximally increased 24-48 hours after UV 25 
irradiation. UV-mediated increase in urinary 8-OHdG levels was blocked in HL-HPS-mice. 1 Thus, we have provided more reliable evidence of routine sunlight exposure-mediated DNA 2 damage in humans through the combination of epidemiological and experimental studies. 3
Unexpectedly, no significant correlation was found between urinary 8-OHdG levels and 4 sunlight-exposure time in this study. We further analyzed the correlations of urinary 8-OHdG 5 levels with amount of sunlight exposure (J/cm 2 ) [=multiplication of sunlight intensity 6 (mW/cm 2 ) and sunlight-exposure time (sec)] with consideration of the cofounding factors as 7
shown in the Methods section. There was a significant correlation between urinary 8-OHdG 8 levels (>8 µg/g creatinine) and amount of sunlight exposure (>100 J/cm 2 ) two days before 9 collection of urine samples (odds ratio=4.62; confidence interval=1.40~15.26). However, no 10 significant correlation was found between them one day before collection of urine samples 11 (odds ratio=2.02; confidence interval=0.76~5.36). The odds ratio (4.62) of urinary 8-OHdG 12 levels (>8 µg/g creatinine) and amount of sunlight exposure (>100 J/cm 2 ) was lower than that 13 (10.87) of urinary 8-OHdG levels (>8 µg/g creatinine) and sunlight intensity (>30 mW/cm 2 ) 14 two days before collection of urine samples. Our experimental results showed that UVB 15 irradiation corresponding to only 4 min of sunlight exposure significantly upregulated urinary 16 8-OHdG levels in HL-mice. Together with results of previous studies showing that UVB 17 upregulated levels of transcript expression and activity of signal transduction molecules in the 18 skin within minutes in humans (4, 25), we speculate that the trigger event for 8-OHdG 19 production starts and reaches plateau level within minutes of sunlight exposure. The results of 20 our study showing no correlation between sunlight-exposure time and urinary 8-OHdG levels 21 might be due to the fact that we evaluated sunlight exposure in hours, not in minutes. 22
No correlation was found between urinary 8-OHdG levels and sunlight-exposed skin 23 area in our human study. Further analysis showed that there were no correlations between 24 sunlight-exposed skin area (J/cm 2 ) [=multiplication of sunlight intensity (mW/cm 2 ), 1 sunlight-exposure time (sec) and ratio of sunlight exposed skin area to the whole body] one 2 day and two days before collection of urine samples. Since all of the subjects who went 3 outdoors suffered from sunlight exposure at least on the face, these results suggest that 4 exposure of the face to sunlight is sufficient to increase urinary 8-OHdG levels. 5 L*-value obtained by using a reflectance spectrophotometer has been used as a digital 6 marker of melanin density in the skin of Asians (14) . L*-values of a sunlight-unexposed area 7 (sole) are thought to correspond to the constitutive cutaneous melanin density in each 8 individual, and L*-values of a sunlight-exposed area (forehead) are thought to correspond to 9 the sunlight-mediated increase in cutaneous melanin density in addition to the constitutive 10 melanin density. Therefore, the difference between L*-values in the sole and forehead 11 correspond to the increased cutaneous melanin density in response to sunlight. Our results 12
showed that urinary 8-OHdG levels were correlated with not only L*-values of the forehead 13 but also the difference between L*-values in the sole and forehead. These results suggest that 14 increase in melanin density induced by sunlight irradiation protects against increase in 15 8-OHdG levels. These results also indirectly suggest that sunlight exposure in our daily life is 16 involved in the levels of DNA damage via modulation of skin pigmentation levels. It has been reported that sunscreen is useful for prevention of skin cancer such as 3 squamous cell carcinoma as well as prevention of suntan and sunburn (28, 29). However, 4
there has been no report on the effects of sunscreens on DNA damage caused by increase in 5 8-OHdG levels in humans or mice. Although we anticipated that urinary 8-OHdG levels 6 would be decreased in regular sunscreen users, there was no difference between urinary 7 8-OHdG levels in sunscreen users and non-users in our study. Further study that includes 8 more information on sunscreen such as application frequency per day and intensity for UVA 9
and UVA is needed to more precisely clarify the effect of sunscreen on urinary 8-OHdG 10
levels. 11
8-OHdG is thought to be a critical biomarker of carcinogenesis as well as oxidative 12 DNA damage (1, 2). We previously showed a protective effect of hairless mice with 13 hyperpigmented skin on UV-mediated skin cancer (15). Therefore, our results suggest a high 14 risk of skin cancer in humans with low cutaneous melanin density. Urinary 8-OHdG levels 15 and cutaneous L*-values might become useful biomarkers for predicting the risk of skin 16 cancer like minimal erythema dose (MED) after the correlations among urinary 8-OHdG 17 levels, cutaneous L*-values and development of skin cancers have been revealed by further 18
study. 19
In summary, we found novel correlations among sunlight intensity, cutaneous melanin 20 density and DNA damage by a human epidemiological study. Some of the findings were 21 reinforced by an animal experimental study. 22
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